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ma =mg t0 = 0

t1 = t
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x1 = x
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x = v0t +
1
2
at2

v = v0 + at

x = 0+ 1
2
gt2 = 1

2
gt2

v = 0+ gt = gt

a = g
v0 = 0
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vx (0) = Cx1 = v0 cosθ

Cx1 = v0 cosθ

0 cosxv v q=

0xdv
dt

=

�
�� t = 0"!�

 �%�$�����#


����� #xv

ydv g
dt

= -

190425-27



��	� t = 0���

vy0 = v0 sinθ
�
����
����

1 0(0) 0 siny yv g C v q= - × + =

Cy1 = v0 sinθ

��������

0( ) cosxv t v q=

0( ) sinyv t gt v q= - +

0 sinyv gt v q= - +

������ �yv

190425-28



�����"��� �%�$�$

��
�

x(0) = 0

t ����#

y(0) = 0

t = 0 ����� �

Cx2 = 0

x = v0 cosθ( )t +Cx2

( )2
0 2

1 sin
2 yy gt v t Cq= - + +

x(0) = v0 cosθ( ) ⋅0 +Cx2 = 0

0 cosx
dxv v
dt

q= =

��x

��
� t = 0 ����� �

��#�"����
!

x(t) = v0 cosθ( )t
	��

��y

0 siny
dyv gt v
dt

q= = - +

190425-29



Cy2 = 0

���
��������

�
�������	�

( )2
0 2

1(0) 0 sin 0 0
2 yy g v Cq= - × + × + =

x(t) = v0 cosθ( )t
( )2
0

1( ) sin
2

y t g t v tq= - × +

���

( )2
0

1( ) sin
2

y t g t v tq= - × +

190425-30



�����	�
��

��


t


��

�����

������y

t = x
v0 cosθ

2

0
0 0

1 sin
2 cos cos

x xy g v
v v

q
q q

æ ö
= - +ç ÷

è ø

( )2
2 2
0

tan
2 cos

g x x
v

q
q

= - +

2 2
0

tan
2 cos

g x x
v

q
q

é ù
= - +ê ú
ë û

190425-31



�2��
��
����������
��

x = 0

x = 2v
2
0 sinθ cosθ

g xθ

v0

���

O

y

���

�	��y = 0

190425-32



�

xθ

v0
��	

O

y


�	


�	������

= 2v0 sinθ
g

�������	��� tm

tm = t
2
= v0 sinθ

g

�
�����

2
0

0 0

2 sin cos1
cos cosX

vxt
v v g

q q
q q

= =

X

tm

Xt

Xt �

xm

190425-33



��������

2
0 sin cos

2m
vXx

g
q q

= =

( )2
0

1( ) sin
2m m my t g t v tq= - × +

( )
2

0 0
0

sin sin1 sin
2

v vg v
g g
q qq

æ ö
= - × +ç ÷

è ø

2 2
0 sin
2

v
g
q

=

190425-34



	�������
�

xmax =
2v20 sinθ0 cosθ0

g
= v

2
0 sin2θ0
g

xθ0

v0

O

y

���

sin2θ = 2sinθ cosθ
���
���#���!��

xmax

%
�#θ0

�$�
�� �#!" sin2θ0 �
�� �#�����!
��"1��#�

�!���

xmax =
v20
g

��#!�

 2θ0 = 90


��#	���"xmax

 θ0 = 45


��#�

X

190425-35



x = 2v
2
0 sinθ cosθ

g

xθ

v0
���

O

y

���

t = 2v0 sinθ
g

tm = v0 sinθ
g

xm

ym

190425-36


